Introduction
Fibrous dysplasia is a benign process where normal bone is replaced with fibrous tissue. It represents 2.5% of primary bone tumours and occurs predominantly in the first 3 decades of life [1] . The gene mutation at the ␣-subunit of the G-protein receptor results in an increase of cAMP [2, 3] , causing hyperproliferation of abnormal osteoblasts as well as stimulating cytokine pathways that lead to increased bone resorption by osteoclasts. A combination of these two pathways produce the characteristic lesion. It usually affects the long bones, craniofacial bones and ribs, and can occur as a single lesion (monostotic, 70%), multiple lesions (polyostotic, 30%), or as part of McCune-Albright syndrome involving polyostotic fibrous dysplasia, café-au-lait spots and multiple endocrine dysfunction [3, 4, 5] . Radiologically, the appearance of fibrous dysplasia includes endosteal scalloping of the inner cortex without periosteal reaction, bony expansion and a ground-glass appearance resulting from the radiolucent bone producing no visible trabecular pattern. There is a classic histological appearance with a low to moderate cellular fibrous stroma surrounding irregular trabeculae of woven bone, arranged in a "Chinese characters" pattern [4, 6, 7] . In mild cases, treatment consists of surveillance and maintenance of bone density through diet, exercise, and bisphosphonates [2, 3] . In severe cases, surgical reinforcement or correction may be required with internal or external fixation, sometimes with the use of cortical allografts [2] .
Aneurysmal bone cysts appear as a blood-filled cavity separated by connective tissue septa with fibroblasts and osteoclast-like giant cells. They expand the affected bone, usually occurring at the metaphysis of long bones, flat bones or spinal column [7, 8] . Aneurysmal bone cysts are benign, but can be locally aggressive and cause weakening of the bony structure, and expansion can cause pain, swelling, deformity, neurological symptoms and pathological fracture [9, 10] . Radiologically, they appear as an eccentric expansile lesion; CT and MRI can show internal separations and fluid levels [8] . While pathogenesis is not completely understood, the development of aneurysmal bone cysts has been linked to tumour-induced vascular processes or as a consequence of trauma [6] , and can occur as a secondary vascular phenomenon in areas of a previous lesion [11] . 
Presentation of case
A 56 year old male presented with right proximal tibial pain. He had swelling and localized tenderness in his proximal leg, and required crutches due to pain; he had no skin pigmentations or neurovascular compromise. Two months prior to his presentation, a drug eluting stent had been inserted for treatment of coronary artery disease. He had been commenced on clopidogrel and aspirin.
Imaging was consistent with fibrous dysplasia in the proximal tibia; the lesion measured 15 cm in length and demonstrated endosteal scalloping, ground-glass opacity and medullary expansion without periosteal reaction (Fig. 1) . A skeletal survey performed prior to referral to our hospital revealed multiple radiolucent lesions throughout both femoral and right tibial diaphysis, consistent with polyostotic fibrous dysplasia. Thallium scan, which highlights metabolic activity [6, 12] , showed heterogeneous mild uptake within the tibial lesion and no uptake in other lesions. Core biopsy was performed under CT guidance targeting the area of thallium avidity, and pathology showed spindle cell proliferation and fibrous stroma with immature bone formation (Fig. 1 ). There were no features of malignancy and the lesion was placed under surveillance after the diagnosis of fibrous dysplasia was made.
Five months later, he re-presented with increased pain in the right leg. Plain radiographs showed cortical thinning associated with a pathological fracture of the anterior cortex of the tibia and an increase in lesion size (Fig. 2) . CT showed cortical breach and periosteal reaction. There was concern of malignant change with MRI features of heterogeneous T2 hyperintensity as well as medullary soft tissue expansion. Fluid-fluid levels were also noted (Fig. 2) . A CT guided core biopsy was performed targeting the area of uptake on a repeat thallium scan. This showed a cellular lesion with numerous mulitnucleated giant cells together with smaller mononuclear cells, haemorrhage, fibrin and granulation tissue (Fig. 2) . These features were suggestive of solid aneurysmal bone cyst, however, an open biopsy was performed due to clinical concern of malignancy. Intra-operatively it was noted that there was extensive thinning of the bony cortex and replacement of the bony architecture with haematoma. Curettage was performed and analysed, and showed a similar lesion to the previous biopsy. This was consistent with solid aneurysmal bone cyst.
Due to the anticoagulants preventing definitive surgical intervention, angiographic embolisation was attempted but was unsuccessful [13] . The patient was therefore temporarily placed into a bi-valved thermoplastic splint and commenced on zoledronic acid in an attempt to control the growth of the lesion [3, 14, 15] . His symptoms were controlled with this therapy and he was able to mobilise with crutches.
Over a time-period of 3 months he developed increasing pain requiring admission and this was unable to be controlled despite maximal analgesia. Repeat imaging showed extensive disease progression with increased lesion size, cortical destruction, soft tissue extension into all compartments of the leg and encapsulation of the neurovascular bundle (Fig. 3) . It was elected to perform an above knee amputation for local control as it was felt a limb salvage procedure was not possible. Histology on the whole specimen confirmed extensive aneurysmal bone cyst in association with fibrous dysplasia extending into soft tissue, again with no features of malignancy (Fig. 3) .
Discussion
Aneurysmal bone cyst occurring in the setting of previously diagnosed fibrous dysplasia is a rare presentation. We describe a patient with known polyostotic fibrous dysplasia who developed an aggressive secondary aneurysmal bone cyst that presented a diagnostic and management dilemma. Sarcoma was included in the list of differential diagnoses due to the development of new symptoms, aggressive radiological appearance and rapid rate of change. It has been well documented that fibrous dysplasia can undergo malignant transformation; osteosarcoma, fibrosarcoma and malignant fibrous histiocytoma are the most commonly diagnosed [2, 16, 17] . Ruggieri et al. [17] reported 28 sarcomas in a review of 1122 histologically diagnosed cases of fibrous dysplasia, and the rate of malignant transformation was higher for polyostotic disease than for monostotic disease (6.7% versus 1.9%). Suspicion for malignant change in a patient with known fibrous dysplasia is raised when there is increased pain or radiologic changes seen on routine follow-up [17] , and this should prompt re-staging; however, these changes can also be caused by pathological fracture or other secondary benign lesions such as aneurysmal bone cyst. Aneurysmal bone cyst can originate from other precursor lesions, either as the result of trauma or a tumour-induced vascular process. Approximately 30% of cases arise as a secondary lesion in the presence of a primary lesion [18] . We found radiological and pathological evidence of fibrous dysplasia being the primary diagnosis. Our patient presented multiple times with new symptoms requiring repeat investigation, and serial imaging showed the change from a benign lesion to an aggressive lesion, but we were unable to differentiate between malignant and benign disease based on imaging alone. However, by performing repeated biopsies we have shown the clear progression from fibrous dysplasia to aneurysmal bone cyst, supporting the precursor theory of secondary aneurysmal bone cyst development. From our search of the literature, we were unable to find other cases that clearly show the development of the secondary aneurysmal bone cyst.
Nguyen [18] presented a case with secondary aneurysmal bone cyst occurring in known fibrous dysplasia of the proximal radius. There were difficulties with the diagnosis due to aggressive but non-specific imaging findings. This patient was successfully treated with curettage after frozen section was performed on an open biopsy. Montalti [7] also presented a case of a patient who developed aneurysmal bone cyst in known fibrous dysplasia of the proximal femur. Imaging and CT-guided biopsy were unable to exclude malignancy, but trochar biopsy confirmed the diagnosis. These cases, along with our case, show the difficulties of early accurate diagnosis, as well as the benefits when this can be achieved. In our patient, attempts were made to treat the lesion conservatively but we were unable to control disease progression. It can be seen that over a time period of 8 months the lesion spreads to involve all compartments of the leg as well as the neurovascular bundle. This, together with medical comorbidities, lead to above knee amputation. As far as we are aware, this is the only reported case of above knee amputation for control of rapidly progressive and destructive aneurysmal bone cyst. One other case of amputation for benign disease was reported by Diercks et al., in which above knee amputation was required for a functionless limb resulting from multiple fractures due to polyostotic fibrous dysplasia [19] . Literature review revealed 35 cases of aneurysmal bone cyst occurring secondary to fibrous dysplasia. These lesions were in the skull, maxilla, mandible, ribs, ilium, femur and radius. To the best of our knowledge this is the first published case of aneurysmal bone cyst complicating fibrous dysplasia of the tibia.
Conclusion
We describe a rare case of aggressive aneurysmal bone cyst occurring in the setting of previously diagnosed fibrous dysplasia. Due to the potential for aggressive secondary lesions, we encourage prompt further investigation in patients with fibrous dysplasia who develop new symptoms, particularly increased pain or fracture, or who develop changes on routine follow-up imaging. Early intervention may avoid the need for amputation.
